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Yanying Qi, Jia Yang *, Anders Holmen and De Chen * S1: The calculation method of free energy Firstly, the equation to calculate the free energy is defined as shown.
Where G is free energy, E refers to electronic energy determined by DFT, EZPE is zero-point energy. H is enthalpy. S is entropy. T is temperature. P is the pressure. As for the adsorbates, the enthalpy (H) is equal to the internal energy (U) with neglecting the PV contributions. For strongly adsorbed species, the frustrated translational and rotational modes are treated as special cases of vibrational modes. Accordingly, the entropy and the internal energy is evaluated according to the following equations. 
S2: The formulas for KIE calculation 1
Reaction rate is given:
Kinetic isotope effect (KIE) is described as:
Zero-point energy (ZPE) contribution to KIE (H/D) is:
) (S1.3)
Entropic contribution to KIE (H/D) (Pre-exponential factor) is obtained by:
) (S1.4)
ΔH is approximated by the energy ΔE, which is calculated from DFT. The barriers without zero-point correction are identical for H and D, so the barrier term in the KIE only includes the zero-point energy corrections. The kBT/h term is neglected because it does not change for H and D. Besides, the coverage term(nAnB) is assumed to be identical for H and D.
All the zero-point energy and entropy are calculated from DFT.
TS transition state IS initial state T reaction temperature kB Boltzmann constant R ideal gas constant
